Background: Cardiotoxicity is a rare but well-documented adverse effect of 5-fluorouracil (5-FU). The underlying cause of this side effect of 5-FU is uncertain.
Introduction
5-Fluorouracil (5-FU) is an antimetabolite that acts during the S phase of the cell cycle. The active metabolite 5-dose limiting with prolonged infusion. Cardiotoxicity, a rare adverse effect of 5-FU, has a reported incidence ranging from 1.27% to 18%, 2, 3 and it occurs with 5-FU administered either as a single agent or in combination with other chemotherapy agents. 3 Cardiotoxicity is observed with both bolus and continuous infusion administration and also at various dose levels. 4 A prospective clinical study of 367 patients who were given 5-FU (600 to 1000 mg/m 2 per day) reported cardiotoxicity in 7.6%. 4 Life-threatening cardiotoxicity (myocardial infarction, ventricular arrhythmias, and cardiac arrest) has been observed with less frequency. In 910 patients at Memorial Sloan-Kettering Cancer Center who received infusion or daily bolus of 5-FU over a 16-month period, the incidence of life-threatening cardiotoxicity was 0.55%. 5 The cardiac toxicity was observed after day 4 of treatment in patients receiving the bolus 5-FU, while it occurred on approximately day 3 or 4 in those on the infusion administration schedule.
With respect to 5-FU, the term cardiotoxicity has been used to describe a number of conditions including cardiogenic shock, supraventricular and ventricular arrhythmias, aberrant ventricular function documented on echocardiogram and, most commonly, anginal symptoms, and myocardial infarction. The mechanism of 5-FU cardiotoxicity is unclear. The prevalent hypothesis suggests that 5-FU induces coronary vasospasm. [6] [7] [8] In vitro studies by one group of researchers suggest that 5-FU causes direct vasoconstriction of vascular smooth muscle, which is mediated by the activation of protein kinase C (PKC). 9 A competing hypothesis postulates that cardiotoxicity is due to the uncoupling of the electromechanical mechanisms that underlie normal myocardial function, which could be mediated at the level of the cell membrane.
Case Report
A 63-year-old man was diagnosed with a moderately differentiated adenocarcinoma of the colon and treated with colectomy and adjuvant chemotherapy with bolus 5-FU given on the Mayo Clinic schedule: bolus 5-FU and leucovorin (LV) for 5 days every 4 weeks. The cancer relapsed with metastatic disease to the lungs 5 years later. The three apparent lung lesions were surgically resected. The patient then received chemotherapy with 5-FU, LV, and irinotecan in the FOLFIRI schedule. 10 This regimen consists of irinotecan 180 mg/m 2 as a 90-minute infusion on day 1 and LV 400 mg/m 2 as a 2-hour infusion during irinotecan, both of which are immediately followed by a 5-FU 400 mg/m 2 bolus. 5-FU is then given over 46 hours in a continuous infusion.
The patient had a medical history of coronary artery disease, hypercholesterolemia, peripheral vascular disease, and exertional dyspnea. Two episodes of myocardial infarctions occurred -one in the 1980s and a second in the mid 1990s that was treated with cardiac catheterization and angioplasty of the right coronary artery (RCA). Two months prior to beginning treatment for the metastatic lung disease, he had a normal stress test. His family history is unremarkable, but he has a 70-pack-year smoking history.
The protracted 5-FU infusion in the FOLFIRI regimen was given over 46 hours by continuous infusion. The evening of the first day of the infusion (day 0), he experienced nausea and vomiting that were not relieved by antiemetics. The following day (day 1), he reported an "abnormal sensation" in his left arm but attributed it to his peripheral infusion port site. On day 2, he noted left and right arm "pain" that radiated up both sides of his neck. An electrocardiogram (ECG) showed no notable changes (Fig 1) . Later that day just before discontinuing the 5-FU infusion, he reported "crushing" substernal pain accompanied by diaphoresis and vomiting. A repeat ECG revealed ST elevation in leads II, III, aVF, and V 2 to V 6 (Fig  2) , and the 5-FU infusion was stopped. He was given intravenous nitroglycerin and heparin and was transferred to a tertiary care facility. Because of recurrent chest pain, he was evaluated by catheterization at the tertiary care facility on an emergency basis. Prior to reaching the catheterization laboratory, he was treated with a nitroglycerin drip at 0.5 µg/kg per minute, a diltiazem drip at 10 mg per minute, and aspirin 325 mg orally, which provided partial relief of his symptoms and ECG changes. Cardiac catheterization revealed that the first obtuse marginal (OM-1) artery, a branch of the left circumflex coronary artery, was in severe spasm with a subcritical lesion at approximately 60% to 65% (Fig 3) . Also, the RCA had an 80% obstructing eccentric lesion (Fig 4) . Multiple boluses of 100 µg of intracoronary nitroglycerin and 100 µg of intracoronary nitroprusside promptly resolved the spasm (Fig 5) . Subsequently, a stent was placed in the proximal RCA critical lesion (Fig 6) .
While the intravenous nitroglycerin and diltiazem were being administered, the chest pain disappeared and the patient was transferred to the coronary care unit. He was discharged the next day but continued taking the calcium channel blocker (diltiazem CD) at 240 mg daily and isosorbide mononitrate at 60 mg orally daily, and he has experienced no further chest pain. Throughout these events, blood levels of creatinine kinase and troponin were within the normal ranges. Following these events, he was given a combination of oxaliplatin and irinotecan (without 5-FU) for 6 months. He is currently under surveillance due to his high risk for tumor relapse.
Discussion
5-FU is a chemotherapeutic agent used to treat many solid tumors. 1 Coronary events induced by 5-FU are rare, but considering the potentially lethal nature of this toxicity, physicians should be aware of this possible side effect. Early intervention is important since stopping 5-FU and subsequently starting appropriate treatment in a timely manner are associated with successful outcomes.
Many mechanisms have been hypothesized for 5-FU-induced coronary toxicity. Our case supports a vasospastic theory. Although a number of case reports have documented cardiac toxicity with symptomatology, electrocardiographic findings, cardiac enzyme elevations, and echocardiographic evidence, this case documents coronary vasospasm by cardiac catheterization. In addition, our patient's ECG demonstrated diffuse ST-segment elevation, which is more consistent with diffuse coronary vasospasm than with isolated myocardial infarction sec- ondary to a critical atherosclerotic lesion. The absence of troponin and creatine kinase (CK)-MB elevation suggests that the insult to the myocardium from the coronary spasm was not sufficient to induce significant necrosis.
Our patient had an extensive history of cardiac problems but had been symptom-free and had a normal stress test 2 months prior to beginning treatment with 5-FU. Also, he had received adjuvant bolus 5-FU and LV after his earlier colectomy. It has been suggested that a history of coronary artery disease may increase the risk of 5-FU-induced cardiotoxicity, although a history of coronary artery disease is not a prerequisite for toxicity. 2, 5 Our patient was receiving concurrent treatment with two other agents, LV and irinotecan. The cardiotoxic side effects of 5-FU have been noted in patients receiving 5-FU as either a single agent or as part of a chemotherapy regimen. 2 Some studies suggest that multiple drug regimens increase the risk of 5-FU-induced cardiotoxicity, while others note no apparent difference in the incidence of toxicity between monotherapies and polytherapies. 2 One study explored the combination of 5-FU and LV and found no difference between this combination and 5-FU as a single agent relative to the frequency and type of cardiotoxicity observed. 3 Despite this observation, the use of combinations of antitumor agents in modern oncology raises concern for the potential synergism of overlapping toxicities. Cardiotoxicity is a complication associated with several chemotherapy agents, including anthracyclines, ifosfamide, and cyclophosphamide. Furthermore, newer agents used for advanced colorectal cancer, such as bevacizumab, which causes hypertension, also are associated with cardiac toxicities. A better understanding of cardiotoxicity induced by 5-FU and other fluoropyrimidines is needed and should be explored in clinical trials.
Our patient received 5-FU as a continuous infusion. The effect of dosage and delivery system on the risk of developing 5-FU-related cardiotoxicity remains unclear. A review of 5-FU-related cardiotoxicity suggests that cardiac events are associated more often with infusional schedules than with bolus schedules. 5 Our patient had received 6 months of adjuvant chemotherapy with bolus 5-FU and LV with no cardiac toxicity.
The coronary event in this patient was treated with intravenous nitroglycerin, an intravenous calcium channel blocker (diltiazem), and oral aspirin prior to his catheterization. During catheterization, he received intracoronary nitroglycerin and nitroprusside; following catheterization, he received an oral calcium channel blocker, long-acting nitrates, and aspirin. Other than stopping administration of 5-FU, the management of 5-FU-related cardiac toxicity is not defined. Appropriate therapy may depend on the institutional protocol for the management of acute coronary events, but a definitive approach has not yet been established. 2 If the mechanism of toxicity is vasospastic in origin, use of a calcium channel blocker would be reasonable. A number of reports have supported the use of a calcium channel blocker, 6, 7, 11 while another reported no benefit. 12 In vitro studies demonstrated no improved response of vasospasm with either calcium channel blockers or beta-blockers. 9 Finally, a number of reports have shown that in most cases, 5-FU-induced toxicity is reversible with supportive care. 2 
